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INTRODUCTION 
A detailed analysis of the a r ea l dis tr ibut ion of hail days in Illinois 
has been performed. Using hail data from 93 U. S. Weather Bureau 
stat ions in Il l inois, monthly and semi-monthly maps depicting the average 
number of hail days were p repared . The analys is was performed using 
hail occur rences recorded in the May 1-October 31 period which largely 
encompasses the period when crop losses from hail normally occur in 
Il l inois. 
E a r l i e r studies by Changnon (1) of the re la t ion between the a r ea l -
frequency distr ibution of hail days and the repor ted crop losses in Illinois 
revealed the existence of a s t rong corre la t ion between these two events . 
The average summer (June-August) hail day pat tern in Illinois (2) was used 
by the Crop-Hai l Insurance Actuar ia l Associat ion to aid in the es tabl ishment 
of regional var ia t ions in the hail insurance r a t e s for Ill inois. 
The p resen t study se rves as an extension and enlargement of the 
previous s tudies . Since mos t pr incipal insured crops in Illinois have one or 
two r a the r dis t inct and often short periods of maximum susceptibil i ty to hai l 
damage, i t was decided to map the hai l -day pa t te rns for periods which were 
considerably shor te r than the 3-month summer season. Area l var ia t ions 
of hail days for specific per iods of maximum crop r i sk should be a more 
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accura te means of ascer ta in ing regional var ia t ions in r i sk and ra t ing 
for individual c rops . To this end, the hail data from the 93 stations 
in Illinois with accura te hail r e c o r d s were analyzed to compute monthly 
and semi-monthly hai l -day a v e r a g e s . 
Data used in this analys is were principal ly from 65 of these s tat ions 
which had 20 yea r s or longer accu ra t e hai l r eco rds within the 1901-1962 
period. Data from the remaining 28 stat ions with good hail r e c o r d s for 
per iods of 10 to 19 y e a r s durat ion were a l so analyzed, but these data were 
not ass igned equal analytical value to those averages based on the longer 
r e c o r d s . A previous study of l ong- t e rm Illinois hail data revealed that 
point ave rages of hail days based on 20 y e a r s or m o r e data el iminated 
most significant var ia t ions and furnished ra the r re l iab le es t imates of the 
t rue average (2). The 28 shor t e r -pe r iod point ave rages were used as guides 
in fixing the more minor features of the hail pa t te rns , whereas the major 
features of the pa t te rns were based on the data from the 65 stat ions with 
long r e c o r d s . In o rde r to p resen t all values as whole numbers , a l l 
averages were expressed as the number of hail days in an average 20-year 
period. 
The re su l t s of this study provided cer ta in in teres t ing and significant 
findings. The semi-monthly pa t te rns of hail days often var ied in con-
secutive per iods . Although the pa t te rns in some consecutive periods var ied 
to a la rge degree , the re were individual a r e a s of higher incidence which 
appeared in the same genera l location in mos t of the semi-monthly per iods . 
- 3 -
The September 1-16 period, ra ther than those in October, was found to be 
the period of l eas t genera l incidence in Il l inois. The May 1-15 period had 
the highest semi-monthly average number of hail days in southern Il l inois, 
whereas the May 16-31 or June 1-15 periods had the highest averages in 
the nor thern half of Ill inois. In the May-October period, May was the 
month of maximum hail incidence in mos t par t s of the s tate , and October 
was the month with the lowest hail frequency throughout most of I l l inois . 
MAY-OCTOBER HAIL DAY DISTRIBUTION 
The dis tr ibut ion of hai l days in Illinois for the May-October 
period is shown in figure 1. Also shown a re the locations of the 93 
stations with hail data. On figure 1 the major a r e a s of high and low 
incidence a r e labeled H and L, respect ively . 
Among the major features shown on figure 1 is the ridge of high 
incidence extending southeastwards from Pike County to Wayne County. 
The position of this ridge is in and jus t north of a ridge in the May-October 
frontal frequency pat tern for Illinois (3). As shown in figures 2 and 3, a 
ridge in this a r e a is found in the frontal frequency pa t te rns for both 
stat ionary and cold fronts . The ridge in the s ta t ionary frontal pa t te rn (figure 2) 
is most closely aligned with the ridge in the hail pat tern. In a previous 
hail study, Huff found that the summer a r e a l dis t r ibut ion of s ta t ionary 
fronts cor re la ted well with the summer (June-August) hail pat tern (4). 
The alignment between the r idges shown in figures 2 and 3 and the r idge 
in figure 1 strongly suggests that this major feature of the hail pa t te rn 
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is a r e su l t of these m a c r o - s c a l e synoptic weather fea tures . 
The localized high incidence a r e a of hai l in ex t reme southern 
Illinois (figure 1), as will be shown in la te r port ions of this repor t , 
is la rge ly a r e su l t of a high number of hai l incidences during May and 
June. The effect of the local hills and the re la t ive ly rough t e r r a i n in 
this a r e a probably a r e the major causes of the g rea t e r number of hail 
days in this a r e a than in surrounding a r e a s . No features in the cl imatological 
dis tr ibut ions of fronts appear to explain this high. 
The third major feature shown in figure 1 is the high incidence 
a rea in e a s t - c e n t r a l I l l inois. The cl imatological dis tr ibut ion of cold 
fronts shown in figure 3 for the May-October period has an a r ea of re la t ively 
high frequenceis in the same specific a r e a . This suggests that this high 
is a r e su l t of the g rea te r cold frontal frequencies shown for this a r e a . 
The fourth major feature shown on figure 1 is the smal l a r ea of high 
incidence centered in McDonough County in wes te rn Il l inois. This 
par t icu la r a r ea has the highest average number of hail days found anywhere 
in Illinois during the May-October period. Examinat ion of figure 3 r evea l s 
that in the 1945-59 period this a r ea experienced re la t ive ly more cold fronts 
than nearby a r e a s to the south, east , and nor th . This a r e a also had 25 
percent m o r e warm front occur rences than did Adams or Knox counties. 
The fifth major high incidence a r ea in the May-October hail pa t te rn 
occurs in nor thwes te rn I l l inois. Inspection of the cold front dis t r ibut ion 
(figure 3) r evea l s that a high incidence a r e a a lso appears in this same a r ea . 
Thus, this a r ea appears to be a resu l t of m a c r o - s c a l e synoptic weather 
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conditions. 
MONTHLY HAIL DAY DISTRIBUTIONS 
The dis tr ibut ion of hail days in each of the six months in the 
May-October period is shown in figures 4-9. In mos t a r e a s of I l l inois, 
May (figure 4) has higher averages than any of the other five months. 
The a r e a s where the May averages do not predominate occur p r imar i ly 
in south-cent ra l Illinois. Comparison of figures 4 and 5 revea ls that 
portions of Pike, Wayne, Clay, Marion, Bond, and Fayette counties 
experience hail m o r e frequently in June than in May. In south-cent ra l 
Illinois the June pat tern of hail days is considerably different than the May 
pat tern. The mos t predominant high incidence a r e a in May in Illinois 
is located in the ext reme southern port ion (figure 4), whereas in June the 
predominant statewide high is located in the south-centra l region (figure 5). 
The number of hail days in mos t state locations in July (figure 6) is 
about 50 percent lower than the number in June . All but one of the major 
high incidence a r e a s shown for June appear on the July map. The high 
in extreme southern Illinois apparent in the May and June maps is not 
apparent in July. The principal a r e a of maximum hail incidence in July 
is centered in ea s t - cen t r a l Il l inois, a more northward location than in 
May and June. . 
In all of Illinois except the ex t reme wes te rn and nor thwestern 
port ions, the average number of hail days in August (figure 7) is not 
significantly different than the number in July. However, in August the 
high incidence a r e a s in western and nor thwestern Illinois have a g rea te r 
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number of hail days than they did in July. The predominant statewide 
high incidence a r e a is located in nor thwestern Illinois in August. However, 
a ve ry smal l a r e a with a slightly higher average does occur in wes te rn 
Ill inois. 
The average number of hail days in all p a r t s of the state in 
September (figure 8) is lower than the average for August. The a r e a of 
high hail averages centered in Macoupin County in September dominates 
the state pa t tern . Smal le r highs st i l l p e r s i s t in nor thwes te rn and 
e a s t - c e n t r a l I l l inois, and the high in southeas tern Illinois has reappeared 
in September after being absent in the August pa t te rn . 
In mos t port ions of Ill inois, October (figure 9) on the average has 
fewer hail days than occur in September . The predominant a r ea of hail 
activity in October is an ea s t -wes t oriented r idge a c r o s s south-cent ra l 
Il l inois. 
SEMI-MONTHLY HAIL DAY DISTRIBUTIONS 
The semi-monthly hai l -day analys is was performed by dividing each 
of the six months between the 15th and 16th dates of the month. Thus, 
averages and maps for a total of 12 semi monthly per iods were p repared . 
The maps depicting these hai l -day pa t te rns a r e shown in figures 10-21 . 
The discuss ion of the r e s u l t s of th is phase of the ana lys is is r e s t r i c t e d to 
cer ta in pert inent finds and selected features appear ing on the mapped 
pa t te rns . Suggestions a r e a lso offered as to the use of these data in 
determining var ia t ions in crop r i sk . 
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Semi-Monthly Hail Pa t t e rns 
In the May 1-15 period (figure 10) the state pa t tern displays 
considerable a r e a l var iabi l i ty , especial ly in cent ra l I l l inois. The 
highest averages occur red in McLean and Henderson counties. Average 
values in mos t of the a r e a south of a line from Calhoun County to Vermil ion 
County a r e higher than those in any of the other 11 semi-monthly per iods . The 
great a r e a l var iabi l i ty in this period and in mos t of the following 11 per iods is 
in d i rec t cont ras t to semi-monthly hail-day pat terns appear ing in an e a r l i e r 
study by Lemons (5). Lemons employed data from the Weather Bureau 
f i r s t -o rde r stat ions in the United States, and the re a r e only 10 such 
stations in and adjacent to I l l inois. His semi-monthly maps showed no 
regional var iabi l i ty in hail days throughout Illinois except during the las t 
three semi-monthly per iods of the May-October period. His maps a re 
not in e r r o r for the data employed, but the difference between his findings 
and these on a r e a l var iabi l i ty of hail revea ls the degree of inaccuracy in 
a r e a l de sc r ip t i ons of hail days which will r e su l t when too few locations a r e 
used to define the hail pat tern. 
The succeeding period, May 16-31 (figure 11), a lso has a highly 
var iable pa t tern which differs considerably from the pat tern of ea r ly May. 
The predominant feature of the May 16-31 pat tern is the adjacent high and 
low a r ea which extends a c r o s s cen t ra l Il l inois. The la rges t a r e a of high 
hail incidence is located in southeas tern Il l inois. In most of cen t ra l and 
nor thern Illinois the average number of hail days in this second period of 
May is higher than those in the other 11 per iods . 
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The hai l -day pat tern for the f i r s t period of June (figure 12) 
is somewhat s imi la r to the May 16-31 pattern, especia l ly in the southern 
half of the s ta te . A smal l but significant high incidence a r e a appea r s in 
Pike County, and a major high extends southeast from Sangamon County 
to Wabash County. In this period, a smal l high s t i l l appears in the hil l 
a r e a of ex t reme southern Il l inois. The average number of hail days in 
a smal l portion of wes te rn Illinois (Henderson, Warren , McDonough, 
and Hancock counties) is higher in the June 1-15 period than this a r e a ' s 
ave rages in any of the other 11 per iods . 
The pat tern for the period of June 16-30 (figure 13) shows a slight 
reduction in the average values throughout mos t of the s ta te . The high 
in the south-cent ra l region is the predominant feature of this pa t te rn . 
The July 1-15 period (figure 14) has values which r e p r e s e n t a 
considerable statewide reduction from the ave rage number of hail days in the 
l a t t e r half of June. The only a r e a which has ave rages g rea t e r than those 
in the previous per iod (June 16-30) is located in e a s t - c e n t r a l I l l inois . This 
diminishing of average values with t ime continues during the second half 
of July. The July 16-31 pat tern (figure 15) r evea l s the exis tence of values lower 
than those of July 1-15 in all a r e a s of the state except nor thwes te rn Ill inois. 
The high centered in Car ro l l County (figure 14) is l a rge r in the July 16-31 
period, and a new high is evident in Henry and Knox counties. 
The incidence of hail in the f i r s t half of August (figure 16) is somewhat 
g r ea t e r than it is in the las t 16 days of July. The average number of hail 
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days increased noticeably in the southern half of I l l inois. The high a r e a 
noted in Henry County in the July 16-31 period is st i l l present , and new 
high incidence a r e a s have appeared in western , eas te rn , and southwestern 
Il l inois. 
A general reduction in the average number of hail days occurred in 
the August 16-31 period, but mos t highs apparent in the first half of August 
a r e s t i l l p resent . The smal l high in Henry County (figure 17) is joined 
with the high in nor thwestern Illinois to form a l a r g e r and m o r e significant 
high incidence a r e a . 
A considerable dec rease in hail day activity occurs between the 
August 16-31 period (figure 17) and the September 1-15 period (figure 18). 
In many par t s of the state, the September 1-15 ave rages a r e m o r e than 
50 percent lower than the August 16-31 ave rages , and a re a lso lower than 
those of the other 11 per iods . The high in southwestern Illinois has become 
the dominant high with low averages along the ea s t e rn Illinois border . 
The second half of September (figure 19) has a g rea te r average number 
of hail days than does the f i rs t half of the month. The September 16-30 
pa t te rn has a notable r idge in hail days which extends from southwestern 
Illinois a c r o s s the ea s t - cen t r a l par t , and the high a r e a s in nor thwes tern and 
southeas tern Illinois a r e enlarged. Por t ions of southern Illinois have lower 
averages during the September 16-30 period than they had in the f i rs t half of 
the month. 
The hai l -day pat tern for the October 1-15 period (figure 20) differs 
considerably from that in the preceding per iod. The high in southeas tern 
Illinois has become the dominant one in the s ta te , and a new high is 
apparent in nor theas te rn Il l inois. A trough of hail activity extends 
from the northwest to the e a s t - c e n t r a l pa r t of the s ta te . 
In the second October period (figure 21) the frequency of hail 
d iminishes in all but the no r theas t e rn pa r t s . The high frequency a r ea 
in nor theas te rn Illinois pe r s i s t s throughout October . The pat tern 
of hai l days in southern Illinois in the October 16-31 period is not too 
va r iab le . 
Location of Major High Incidence Areas 
Inspection of the 12 semi-monthly maps of hail incidence revealed 
the p resence of five major high incidence a r e a s which pe rs i s t ed in the 
same general locat ions . The posit ions of the cen t ra l a r e a s of these five 
high hail incidence regions a r e por t rayed on figure 22. 
The Northwest high f i rs t appea r s in the May 16-31 period. After 
diminishing in size in the June 1-15 period (figure 12), this high enlarges 
and extends to the southeast (figure 13). In the four periods between July 1 
and August 31 this high a s s u m e s an elongated shape oriented WSW-ENE 
r a t h e r than WNW-ESE as it was during May and June . This high is 
apparent in the two September per iods although i t s cen t ra l a r e a (figure 22) is 
located far ther south. This high is not p re sen t in the two October pe r iods . 
The West high (figure 22) occurs in the four per iods from May 1 
through June 30 with ve ry l i t t le change in posit ion. In the May 16-31 period 
(figure 11) it is joined with the Southwest high. The West high does not 
appear in the two July per iods , but it does r eappea r in August, s t i l l centered 
- 10 -
- 11 -
in McDonough County. The high is not apparent in the pat terns for the 
two September per iods , but again r eappea r s in the October per iods , although 
it is then of minor consequence (figures 20 and 21). 
The Southwest high is centered in Pike County (figure 22) in many of 
the 12 semi-monthly pe r iods . In s eve ra l periods (figures 12, 14, 16, and 20) 
this high a r ea is a port ion of a r idge connected with the Southeast high. In a 
previous study of Missour i and Iowa hail pa t te rns , Changnon (6) revealed that 
this Southwest high was a continuation of a high extending a c r o s s port ions of 
Iowa and Missour i , as were also the West and Northwest highs. The 
Southwest high is p resen t in all 12 of the semi-monthly per iods . The position 
of the central a r ea (figure 22) in the July 1-15 and the September 16-30 periods 
is more southerly than it is in the other 10 per iods . 
The Eas t high is the only other high which is p resen t in all 12 per iods . 
The position of the cen t ra l a r ea v a r i e s considerably within a 9-county a r e a in 
ea s t - cen t r a l I l l inois. It is displaced southward (Edgar County) in the June 1-15 
period, and i ts posit ion then gradually p r o g r e s s e s northward in the th ree 
succeeding per iods . 
The fifth major high occurs in southeastern I l l inois . This Southeast 
high (figure 22) f i rs t appears in the May 16-31 period. Its shape and 
position shift, but general ly it is elongated ea s t -wes t and is frequently 
centered in and around Wayne County. After an absence in the August 16-31 
period, this high r e a p p e a r s in somewhat more southerly posit ions in the 
two September per iods . 
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Combination of Pe r iods 
To employ the semi-monthly hail pa t te rns in the evaluation of 
regional and seasonal hail haza rds , var ious per iods can be combined to 
produce pat terns for specific types of r i s k s . F o r ins tance, a s s u m e that 
a c rop grown in cen t ra l Illinois is mos t susceptible to hail damage during 
two separa te pe r iods . These periods might be May 16-31 and July 16-31. 
The hail pat terns in cent ra l Illinois for these two per iods (F igures 11 
and 15) could be overlayed and all in tercept points of the i so -ha i l l ines 
could be combined to produce a' spec ia l hail pat tern . As an example , in 
cen t ra l Champaign County a hai l -day value of 4 shown on figure 11 would 
in tercept a value of 2 on figure 15, producing a combined value of 6. Similar ly, 
a combined value in nor thern Champaign County would be 8 hai l days . If 
the same crop grown in nor the rn Illinois had the normal lat i tudinal delay 
in c rop development, it would have a delay in the ha i l - suscept ib i l i ty per iods . 
Therefore , in the nor the rn pa r t of the state one might combine the pat terns for 
June 1-15 and August 1-15 periods for this theore t ica l c rop . In such a manner 
the intercept method could be employed to combine two, t h r ee , or m o r e per iods . 
SUMMARY AND CONCLUSIONS 
All but one of the five major a r e a s of high hail incidence in Illinois 
shown for the May-October period occur in or immediate ly adjacent to 
a r e a s where s ta t ionary fronts and /o r cold fronts tend to be m o s t frequent 
in Il l inois. This strongly suggests that these high occu r r ences in the Illinois 
hai l pat tern a r e a r e su l t of m a c r o - s c a l e synoptic weather factors r a the r than 
localized factors such as t e r r a i n roughness or elevation. This is supported 
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by the fact that an ea r l i e r study of the hail pat terns in I l l inois, Iowa, and 
Missouri revealed that th ree of these high hail a r e a s in Illinois extended 
westward a c r o s s Iowa and Missour i . 
During the May-October period, May on the average is the month 
with the g rea tes t number of hail occur rences in Il l inois. June has a 
slightly lower frequency of hai l days, and the July number is about 50percent 
lower than the June number in m o s t pa r t s of the s ta te . The number and 
distr ibution of hail days in August is not significantly different from that 
in July. The number of hail days in Illinois diminish through September 
and October with October having the lowest averages of the 6-month period. 
The position of the maximum a r e a of hail activity in Illinois va r i e s from 
month- to-month displaying a lati tudinal var ia t ion with t ime . The predominant 
state high is located in ex t reme southern Illinois in May and advances 
northward in June, July, and August. Its position in August is in ex t r eme 
nor thwestern Ill inois, but by October the position of the high has r e t r ea t ed 
to south-cent ra l I l l inois. 
The hail pa t terns of consecutive semi-monthly periods exhibit 
considerable difference, and large a r ea l var iabi l i ty exis ts in the hail 
pat terns of al l 12 per iods between May 1 and October 31 . In the southern 
half of Illinois the period with the highest average number of hail days is 
May 1-15. Most of the nor thern half of the state has the highest average 
number of hail days in the May 16-31 period. In much of Illinois the lowest 
averages a r e in the September 1-15 period. Five separa te high hail incidence 
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a r e a s pe r s i s t in the same genera l location during many of the 12 per iods . 
These highs a r e located in the nor thwestern , wes te rn , southwestern, eas te rn , 
and southern pa r t s of I l l inois . The highs in southwestern and ea s t e rn 
Illinois a r e p resen t in al l of the 12 semi-monthly pe r iods . 
To evaluate hail haza rds for c rops with two or m o r e separate periods 
of maximum r i sk , the semi-monthly hail pat terns can be combined by the 
in tercept method to produce hail pa t te rns for specific r i s k s . These can be 
var ied regionally to adjust for seasonal var ia t ions in the s tages of c rop growth. 
The g rea t a r e a var ia t ion shown by the semi-monthly hai l pa t terns and the 
grea t degree of change between pat terns of consecutive periods a re indicative 
of the grea t spatial and t empora l var ia t ions that exis t in the hail hazard 
in I l l inois. 
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